The acute effects of ingestion of ethanol on the response to submaximal and maximal exercise were studied by noninvasive technics in a group of eight healthy men, ages 21 to 33 (series I). Cardiac output (dye-dilution technic) and intra-arterial pressures were measured in a separate series of experiments in a subgroup of four subjects (series II). Mean concentration of ethanol in the blood at the end of the experiment was 156 mg/ 100 ml in series I and 125 mg/ 100 ml in series II. Heart rates at rest and during submaximal exercise were higher after ingestion of ethanol, but there was no effect on stroke volume. After ingestion of ethanol cardiac output at rest and during submaximal exercise increased, and total A-V difference and total peripheral resistance decreased. 
including the response to exercise.8 9 There are no data on the effect of ethanol on maximal oxygen uptake and on cardiac output, stroke volume, and blood pressure during maximal work,
The purpose of the present investigation was to evaluate the acute effects of ethanol concentrations in the blood in the range of 100 to 200 mg/ 100 ml on the response to submaximal and maximal exercise in normal subjects. Maximal oxygen uptake was used as a measure of the functional capacity of the oxygen transport system, and maximal stroke volume and cardic output were used as indices of cardiac performance. Total A-V oxygen difference and peripheral resistance were determined to document any occurrence 463 of gross changes in the regulation of peripheral blood flow.
Methods
Basic data on the eight subjects studied appear in table 1 . All were men in good health. Five of the men were medical students, two were laboratory technicians, and one was a physician. They represented a wide range with respect to habitual physical activity and performance capacity with maximal oxygen uptakes between 33 and 56 ml/kg X min. All were moderate users of alcohol.
Procedures
Oxygen uptake was determined by the Douglas bag technic, using a Collins triple J valve. The volume of expired air was measured in a Tissot spirometer. Samples were stored in mercury tonometers and were then analyzed by the Scholander technic. Cardiac output was determined by the dye-dilution technic. Indocyanine green was injected through a 25-cm long catheter placed in an antecubital vein. Arterial blood was drawn from a 15-cm long catheter in the brachial artery at a constant rate of 35.6 ml/min using a Harvard withdrawal-infusion pump. A Beckman cardiodensitometer with an automatic integrator was used for recording the dilution curve and for calculating the area under the curve. Arterial pressure was measured by connecting the catheter in the brachial artery to a Statham P23Db strain gauge using semi-rigid polyethylene tubing (internal diameter, 3 mm; length, 50 cm). Pressures were recorded on an Electronics for Medicine DR-8 photographic recorder. Heart Maximal oxygen uptake was defined as the level at which an increase in work load failed to produce an increase in oxygen uptake. This level was established in each subject at trial runs prior to the study. Two series of experiments were then performed.
Series I All eight subjects participated. Control experiments and studies after the ingestion of ethanol were conducted on separate days within an interval of 1 week. The subjects reported to the laboratory in the morning after a light breakfast and performed exercise on a bicycle ergometer at two submaximal work loads and one maximal work load. Submaximal work load levels were selected that required approximately 50 and 75% of each subject's maximal oxygen uptake. The duration of work at both submaximal exercise levels was 12 min. Each work load was followed by a rest period of 10 to 15 min. The maximal work load was chosen so that the subject was able to perform for 2i2 to 5 min. The maximal run was preceded by a 2-min warm-up period at the 75% level. Duplicate measurements of oxygen uptake and heart rate were made during the last minute of exercise at each level. Two blood samples for determination of lactic acid were drawn 1 to 3 min after completion of maximal work. The exercise protocol was identical for the control and ethanol experiments. Ethanol was administered in the form of 150 ml of 86 proof whiskey, rum, or gin, during a 20-min period starting 60 min before exercise at the initial work load. Samples for determination of the blood concentration of ethanol were drawn before exercise started and immediately after maximal work. Series 
II
Four of the subjects took part in a second series of experiments including hemodynamic measurements. The interval between individual studies in series I and II was less than 1 mo. The experiments were begun in the morning. Venous and arterial polyethylene catheters were introduced percutaneously. The subject then rested in supine position for 1 hour. Duplicate measurements of oxygen uptake, heart rate, cardiac output, and intra-arterial pressures were then made with the subject resting in sitting position on the bicycle ergometer. All measurements were Circulation, Volume XLII, September 1970 repeated during the last minute of exercise at two submaximal and one maximal work load levels as described in series I. Samples for determination of lactate concentration after maximal work were drawn as above. Completion of the control study was followed by another 1-hour period of rest in the supine position. Ethanol was then administered, and samples for determination of blood levels were drawn in the same manner as in series I. The sequence, including measurements at rest and during two levels of submaximal and one level of maximal exercise, was repeated. The interval between completion of maximal work during the control study and the beginning of exercise at the first submaximal load after alcohol intake was 2 hours. Results
Mean data from series I are presented in Heart rates at rest and during submaximal exercise were significantly higher after alcohol in both series. The difference decreased with increasing work loads. Heart rates during maximal exercise were the same before and after alcohol ingestion. Alcohol had no effect on the stroke volume ( fig. 2 ) at rest or during exercise. Thus, the higher heart rate at rest and during submaximal exercise after alcohol ingestion was associated with increased cardiac output ( fig. 2 ). The increase in cardiac output at levels below maximal exercise was in excess of the increase in oxygen uptake. The arteriovenous oxygen difference (calculated from measurements of cardiac output and oxygen uptake) was smaller both at rest and during exercise at the lowest of the two submaximal work loads, but the differences were not significant. Mean cardiac output during maximal work in the alcohol experiment equaled the control value of 20.6 L/min. Mean arterial pressure was slightly lower both at rest and during submaximal exercise during the ethanol runs. Total peripheral resistance fell markedly ( fig. 2 ) since the decrease in pressure was associated with an increase in cardiac output. The difference in peripheral resistance was significant at both submaximal levels (P < 0.02). Ethanol had no effect on mean arterial pressure or peripheral resistance during maximal work.
Ethanol did not affect pulmonary ventilation at rest and during submaximal exercise but caused a significant reduction during maximal work from 132 to 115 L/min in series I (P <0.001). A decrease of the same magnitude was observed in series II. The respiratory rate did not change. Thus, tidal volunws were unaffected at rest and during submaximal work but decreased during maximal work.
There were no significant differences in ventilatory exchange ratio (RQ) at rest and during submaximal exercise. The reduction in ventilation during the maximal work load of the ethanol experiment was associated with a significantly lower (P <0.001) value than at the control experiment in series I, but RQ was still above 1 However, the possibility that the unchanged maximal cardiac output and stroke volume were achieved at the expense of increased ventricular end-diastolic volumes and pressures cannot be ruled out. The data from the only previous study including hemodynamic measurements at rest and during exercise in normal subjects9 and results from carefully controlled animal experiments are consistent with little or no effect on myocardial function at blood levels below 200 mg/ 100 ml.
Riff and associates9 found that blood concentrations of ethanol between 85 and 136 mg/ 100 ml in normal subjects had no effect on stroke volume during submaximal exercise. Mierzwiak and associates5 used a dog preparation in which cardiac output, heart rate, and aortic pressure were controlled. They found no significant change in left ventricular function at an ethanol blood level of 100 mg/100 ml but did demonstrate a depression at 300 mg/100 ml. Individual and mean circulatory data at rest, and during submaximal and maximal exercise, series I. by others.2 3 6 However, Webb and associates4 in a later study found no depressive effects at blood concentrations as high as 900 mg/ 100 ml.
Conway8 on the other hand, reported a decrease in cardiac output and stroke volume during mild exercise at ethanol concentrations of 45 to 49 mg/ 100 ml in eight patients with angina. The patients showed a more prominent ECG change after alcohol administration despite a decrease in tension-time index compared to the control study. Regan and associates7 demonstrated a decrease in stroke output, an increase in end-diastolic pressure a rest, and an abnormal response to an induced increase in aortic pressure with blood levels of about 150 mg/ 100 ml in a series of eight alcoholics with fatty liver but no clinical evidence of a heart disease. It is possible that the alcoholic patients studied by Regan and associates had some degree of inyocardial damage and that the depressive effect of ethanol is apparent at lower concentrations in patients with myocardial disease than in normal subjects.
The circulatory effects of ethanol that were observed at submaximal work load levels in the present study, that is, an increase in cardiac output, a reduction in A-V difference, and a decrease in arterial blood pressure and peripheral resistance, are compatible with increased blood flow to nonactive tissue, presumably skin. An ethanol-induced increase in skin flow at rest and during submaximal exercise may be associated with a decrease in flow to nonactive muscle. 13 14 Both series showed a significant depressive effect on ventilation during maximal work. The absence of any changes in maximal oxygen uptake indicates that the relative hypoventilation induced by ethanol had no significant effect on oxygen transport.
The ability to perform physical work on the bicycle ergometer was only affected to a small extent. The expected ethanol effect on neuromuscular performance15 was reflected by a small increase in oxygen uptake at submaximal loads. Work time was also slightly shorter at the maximal level in the absence of any changes in oxygen uptake or lactate levels. The difference was not significant but was of the same order of magnitude as that reported by Asmussen and B0jel6 who measured the time required to perform a given amount of heavy work before and after ethanol. 
